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Many plants of Palestinian flora are facing the risk of endanger, due to agricultural practices, 
environmental threats and consumption changes. In the absence of National program to 
conserve the Palestinian heritage of plant diversity, a tentative research work aimed in trial 
usage of available biotechnology’s methods for conserving several popular plants of medical, 
cultural and economical importance's. Tissue culturing of anise (Pimipnella anisum), sage 
(Salvia palestina), fenugreek (Trigonella sps), wild peppermint (Mentha spicita L.) and akoub 
(Gandelia tournefortii); using MS-media with specific plant growth regulators were 
successfully applied. Protocols for enhancing callus culturing, organogenesis and micro-
propagation of these tentatively threatened wild plants were developed and optimized in this 
research work. Based on the successfulness of propagation in vitro of these plants, a call for 
establishment of a Palestinian germplasm collection to conserve the Flora Palestina had been 
reported.  
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Palestine, located in the Mediterranean basin, considered as one of the 
world’s biodiversity “hotspot” that should be subjected to conservation (Médail 
and Quézel, 1997; Myers and Cowling, 1999). Flora of Palestine is rich with 
economical important plants includes vegetables, cereals and fruit trees, 
providing the local market with essential agricultural crops. More than 2,750 
species of plants including 138 families were estimated for Palestinian flora 
(Danin, 2004; Sawalha, 2005). Many of these plants are facing threats of 
endanger in their natural habitats due to various human population activities 
such as over-harvesting of wild species, expansion of buildings and the 
detrimental climatic and environmental changes (ARIJ, 2007). In the last three 
decades, more than 600 species were reported to suffer from reduction in 
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numbers, of which, 90 species are very rare; a cause threat to their existence in 
the West Bank and Gaza (ARIJ, 2007).  
Medicinal plants usage has wide popularity in different Mediterranean 
countries including Palestine to be alternatives and/or supportive to 
pharmaceutical drugs (Azaizeh et al., 2006). Medicinal plants gain their 
popularity since they possess natural and bioactive powerful chemical 
constituents and at the same time they usually cheaper artificially synthesized 
ones (Halberstein, 2005). Most of these plants are herbs or shrubs grown on 
rugged mountains and hills, but recently and due to extensive harvesting, some 
of the most popularly used ones are considered as threatened species (Abou 
Auda, 2010). As these medicinal plants genetic resources are constantly 
declining over the years, urgent conservation measures are required as reported 
by experts (Sultan, 2001). Several approaches could be used for conserving 
genetic materials, integrates ecology, physiology, molecular biology, genetics, 
and evolutionary biology to conserve biological diversity at all levels 
(Campbell et al., 2011).  
The recent exciting developments in biotechnology have come as a boon 
as the use of plant tissue culture technique (Sharma et al., 2010) or in vitro 
cultivation of plant tissues to serve many fields of applications, especially when 
producing propagated plants of either hardly species propagated by traditional 
methods or producing healthy plants free from pathogens (Brink et al., 1998; 
Chaturvedi et al., 2004; Alkowni and Srouji, 2009; Sharma et al., 2010). In 
addition to that, investigation on growth and development of plant tissue in 
culture are more easily controlled than the open field. Micropropagation is 
amenable to most of economic plants for agricultural, medicinal or cosmetic 
applications. The differentiation of plant-cultured tissues is controlled by added 
phyto-hormones to the culture medium in order to develop the whole plant 
(Salem  and Charlwood, 1995). The aseptic technique is highly restricted and 
culture media are available to make the best growth of biomass for plant 
regeneration of the plantlets to be then hardened and released to the field.  
In this study the main aim was to conserve biodiversity in some 
Palestinian medicinal plants that are considered as economically and 
medicinally highly important plant species, through the use of in vitro tissue 
culture biotechnology. In this research work the amenability of the targeted 
plants for different culturing systems were examined. Since plant tissue culture 
was considered one of biotechnology tool for conservation of medicinal plants 
(Trivedi, 2010; Yadav et al., 2012), and considering the Palestinian National 
Authority main goal for promoting the conservation (preservation and 
sustainable use) of biodiversity in Palestine through appropriate and effective 
social and economic incentives, this effort which was carried out for the first 
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time in the Palestine, will be considered as part of innovative approaches 
leadings for conserving Palestinian plant diversity and establishing a 
germplasm collection (ex-sito conservation) of flora Palestine.  
 
Materials and methods 
 
Targeting and Collection of Plant Materials: Medicinal Plants from 
Palestinian flora that found naturally or imported with social and economical 
importance in Palestine were collected from wild fields or certified seeds 
obtained from the local market to be representing to plant-diversity in Palestine. 
Fresh specimens of targeted plants were collected from fields and/or wild 
nature during the spring times of 2006-2008. Ex-plant materials mainly stems, 
leaves or seeds were used in aseptic technique to introduce and establish 
primary cultures. The following were the popular Palestinian plants targeted for 
reservation in vitro: anise (Pimipnella anisum), sage (Salvia palaestina), wild 
peppermint (Mentha spicita L.), akkoub (Gandelia tournefortii), and fenugreek 
(Trigonella sps). Selected explants were shoot tips, leaves, seeds, stems and/or 
roots. These explants were subjected to aseptic conditions by using chemical 
sterilization (ethanol and/or sodium hypochlorite) for different periods of time. 
Media Preparation: Culture medium could be as a liquid or a gel, designed to 
support growth of cells. MS media was developed in 1962 by Murashige & 
Skoog, and made of compound of mineral salts, many vitamins and other 
energy resources. Murashige & Skoog (MS) media with different combinations 
of plant growth hormones were extensively used in this study. Based on our 
previous experience, the media constructed from MS salts 4.4 g L-1 and sucrose 
30g L-1, with or without plant growth regulators (PGRs) (depending on 
culturing type and plant stage) were found the best one for establishing all 
cultured media (unpublished data). 1-3% Agar was added to solid medium. 
Shoot Culturing: Clonal propagation techniques (Micropropagation) using 
shoot tip and nodal segments as the main strategy for ex-sito conservation were 
applied to multiplication and conservation of collected plant species. Ex-plants 
introduced to tissue culture were sterilized using chemical detergents with rigid 
aseptic conditions. The principle of shoot-tip propagation is to multiply shoot 
tips by culturing them on cytokinin-containing media to encourage several 
shoots to grow from the original. Auxin also may be necessary to obtain shoot 
growth; however, many plants apparently synthesize adequate endogenous 
concentrations. Shoot-tip culture was also very important in propagation as the 
technique used to get rid pathogens from clones. In this case the smaller the 
shoot-tip cultured the better the chance of propagating plants free of virus, 
bacteria or mycoplasma. Frequently, true meristem culture is employed for this 
purpose (Pierik, 1989). In these experiments MS media with different PGRs 
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(GA3, BAP and Kinetin) combinations were used. Concentrations of exogenous 
plant hormones added to the MS medium in shoot culture were BAP combined 
with GA3 range from 0.1- 0.5 (increase by 0.1) mg L
-1. In other trials Kinetin 
was added to these combinations.  
Regeneration and Hardening Process: Rooting of newly formed shoots were 
achieved in different media with or without different auxins concentrations. 
2,4-D and NAA, were the only auxins used. Acclimatization of the newly 
produced plantlets by plant tissue culture was processed for hardening at lab 
scale, followed by green house level. Having produced regenerated plants 
(plantlets that had 2-3 leaves and one strong root) from tissue culture, the 
hardening process would be started by preparing sterile medium of sand and 
soil mixture (1:1) to be then distributed in appropriate plastic cup containers. 
The plantlets were removed from artificial medium and rinsed with sterile 
water to remove excess of agar on roots, to be then placed into the cup, 
introducing the roots into the soil sand mixture. The newly transferred plantlets 
were spray-irrigated while they stilled under transparent plastic cover on the top 
to prevent quick dehydration. The regenerated plantlets were placed in growth 
chamber (room) for one week, before they were transferred to screen house for 
several weeks, with gradual release of plastic covers.  
Callus Induction: In plant biology, callus is the cells that cover a plant wound 
(Chawla, 2002), while in biological research and biotechnology, the callus is 
undifferentiated, slowly dividing and growing mass of cells in particular 
conditions. Hormonal supplements (mainly auxin and cytokinin balance) were 
adjusted according to criteria depending on plant species and environmental 
conditions applied. In our experimental trials, callus was produced by placing 
part of plant tissues (leaves, stems, roots, and seeds) in conditions that induced 
them to begin dividing. The times needed were varied depending on explants 
kind, culture conditions, and their response to PGRs added to the media. The 
different PGRs combinations (2,4-D, NAA, Kinetin and BAP) had been used in 
MS media. Callus inductions were achieved using 2,4-D combined with kinetin 
range from 0.6 – 2.0 or 4.0 (increase by 0.2) mg L-1. In other trials NAA 
combined with BAP were replaced the previous ones.  
Later on Callus cultures were used organogenesis and /or to establish 
other cultures such as suspension one. Plant cultures were maintained and sub-
cultured to conserve plant stock in vitro. 
Organogenesis: Organogenesis can occur in two ways: direct organogenesis 
using roots to produce shoot, or shoot to produce root, with no callus 
intermediate, and indirect organogenesis by using the callus as an intermediate 
for rooting or shooting enhancements (Lombardi et al., 2007; Pal et al., 2007). 
Organogenesis happens in various plant tissue cultures in response to 
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exogenously added phyto-hormones or under the effect of environmental 
conditions. The auxin/cytokinin ratios considered vital in root/shoot 
enhancement for several plants (Chawla, 2002). For example, the media with 
high auxin usually induce root formation, while shoot formation would be 
induced with low auxin/cytokinin ratios. Regeneration of shoots and/ or roots 
from callus was carried by using several experimental MS media with different 
PGRs (2,4-D, Kinetin, BAP, and NAA) combinations range from 0.1- 4 
(increase by 0.5) mg L-1.  
Cell suspension culture: This process is particularly suitable for physiological, 
biochemical, and molecular studies as well as for the process of somatic 
embryogenesis. The best culture media were the media used for callus 
induction without solidifying agent. Cell suspension culture was established for 
each plant in this study research, enhancing single cells or cell aggregates to 
proliferate in liquid media. To ensure good culturing system, a growth curve for 
each culture was drawn using packed cell volume (PCV) (Falco et al., 1996). 
Briefly, homogenous sample of the culture was removed and centrifuged. The 




Collection and Sterilization of Plant Materials: Plants had been selected to be 
representative to Palestinian flora medicinally, culturally and economically 
important to Palestinian people. Some of these plants were also considered 
endangered and have heritage value. A total of five different plant species were 
collected from fields and/or wild nature were subjected to be as representative 
examples for ex-sito conservation. In order to get clean ex-plants for tissue 
culturing, seeds from some of these plants were germinated successfully in 
vitro as in Fenugreek and Anise (Fig. 1) after restrict sterilization process. 
Either seeds or ex-plants were subjected to several trials of soaking in 
sterilizing solutions, with different periods of time, before applying them to 
culturing media. To overcome the external contaminants, several trials were 
made to infer the best procedure ensuring minimal contaminations and keep 
plants viable. In our hands, we found the best results by soaking ex-plants in 
ddH2O for 30 min prior dipping them in 10% of Ethanol solution for just 1-2 
min followed by several rinsing with ddH2O. They were then immersed in 0.5-
1% sodium hypochlorite solution for 25 min, followed by three times rinsing 
with ddH2O, 10 min for each, and most importantly to be carried under hood. 
Ex-plants were then semi-dried on autoclaved clean tissue-papers by leaving 
them for several minutes and always under Laminar flow hood. The ex-plants 
were then ready to be processed for in vitro culturing. 
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Shoot Culture: Micropropagation (shoot culture) provides solution for mass 
propagation of plants in particular for those considered as endangered ones for 
their conservation within short period and limited space. The plants produced 
from this method should be true to type. Sterilized shoot-tips were cultured on 
several media containing plant growth regulators at different concentrations. It 
was noticed that different plant species varies in their responses’ to the media. 
Using combinations of PGRs with MS media as abovementioned gave various 
growth and proliferations depending on the type of plants used. Adding GA3 
with either cytokinin hormones significantly increased shoots length in short 
period of time (un-shown data). However, satisfactory results were obtained by 
culturing the shoots in the media that contain 4.4g L-1 MS salt, 30g L-1 glucose 
(pH 5.7), 5.7g L-1 agar, 0.1mg L-1 kinetin, 0.1mg L-1 GA3. Increasing the 
kinetin more than that showed retardation in shoot proliferation. While using 
BAP has no differences in proliferation of all plants used in this study, except 
for sage. Using BAP instead of kinetin was found much favorable for culturing 
common sage. Proliferated shoots were excised and planted on several media 
for enhancing rooting. It was found to be as best as in MS media -zero PGRs. 
Full and half strength were tested to reveal that full length had little shorter 
roots, but larger in size. These results were evaluated to cluster with no 
significant differences if compared with those rooted in MS-media with 2,4-D 
or NAA (Fig.2).  
For example anise (which was initially started and studied intensively), 
shoot cultures were obtained following the transfer of previously induced callus 
cultures to MS medium without adding hormones. The general characterization 
of the shoots is emerging from a biomass of callus, i.e. shoot differentiating 
callus. The later culture was used to establish suspension culture of P. anisum. 
The degree of callus differentiation was largely dependent upon the type and 
concentration of phytohormones added to solidify MS medium. The results 
showed that maximum production of anise shoots (52% of fresh biomass) were 
at combination of 5 mg/l BAP and 1 mg L-1 NAA (Fig.2). This was true for 
sage (Fig.3). When the concentration of NAA was at higher concentration 
compared to BAP, the effect was dramatic reduction of shoot production 







Journal of Agricultural Technology 2012, Vol. 8(4): 1285-1299 
1291 
 
Table 1. The percentage of biomass in anise cultures grown under light 
conditions on solidified MS medium for 5 weeks 
 
BAP/NAA Shoots Roots Callus 
Ratio  % % % 
5/1 52.0+15.7 1.8+0.4 46.2+15.8 
1/1 6.9+2.7 2.5+0.6 90.6+2.5 
1/5 13.8+3.9 4.2+2.4 82.1+4.7 
 
Rooting was easily achieved by using MSO media. The effect of Auxin 
(i.e 2,4-D were observe in boat shaped root (thickened and shortened roots, 
once the hormone concentration increase from 0.05 to 2mg L-1. (Fig. 4).  
Acclimatization process was achieved on small scale for some plants and 
the following the previously mentioned procedure was found very successfully 
in hardening micropropagated plantlets. After one week of transferring plantlets 
into nursery soil mixture (mainly peat moss), the plastic covers were removed 
partially to reduce internal humidity and allowed for further acclimatization. 
Two weeks after transplanting, the covers are removed entirely and plantlets are 
exposed to full sun light. The soil was kept wet and diluted fertilizer was added. 
After a month of transplanting from culture, the plantlets were strong enough to 
be transferred to new pots with normal Micropropagation process (from shoot 
proliferation till the end of acclimatization stage) which took a time from 8 to 
12 weeks. 
Callus Induction: Using different media for inducing callus had been tested 
intensively with variable media concentration. All tested plants did not induce 
any callus within 3 weeks after transplanting, except in the MS media which 
containing auxin with cytokinin with a ratio of 10:1. In about 10 days, the best 
PGRs to induce callus were found (2mg L-1 of 2,4-D and 0.2 L-1 of kinetin), and 
stimulate callus formation rapidly. The undifferentiated cells divided very fast 
without any control but start dying after the 3rd week. NAA & BAP were also 
tested for their callus induction to be found less effective compared with 2,4-D 
and Kinetin contained MS-medium (Fig.5).  
The growth of initiated callus was slow at the beginning reaching 5mm 
diameter of spherical shape, but the callus was maintained for further 
subculture onto same medium every 4th weeks. However, callus initiation was 
more successful and faster when exogenous phytohormones were added to MS 
medium at combined concentration of 0.2 mg L-1 kinetin and 1 mg L-1 2,4-D.  
The Callus cultures of all tested plants were established and maintained 
every month. The most ideal ex-plant for establishing cultures was found the 
stem for all examined plants. It is worth to mention that some plants such as G. 
turnifortii found to be recalcitrance (Fig.5). This may due to their nature to 
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grow in cold conditions that it was adapted to. Some plants as Salvia palaestina 
were found difficult to sterilize, due to large density of trichomes on its leaf 
surface.  
Organogenesis: After a month of callus formation, organogenesis had been 
tested for plants. As direct organogenesis had been tested in micropropagation, 
indirect one had been applied by culturing pieces of callus on MS-media 
containing BAP with different PGRs (2,4-D, Kinetin, BAP, and NAA) with 
combinations ranges from 0.1- 4 (increased by 0.5) mg L-1 to induce either 
shoots or roots. The experiments revealed that the best response was obtained 
by using MS media with 2mg L-1 NAA and 2mg L-1 kinetin and only for sage 
shoot formation (Fig. 3), while failed for akkoub.  
Cell suspension culture: The mass of the callus were cultured in a liquid MS 
media (without agar) that contain the same PGRs used for callus induction 
(2mg L-1 2.4D and 0.2 mg L-1 kinetin), and the rate of their growth had been 
measure every week. The growth curve had been drawn for each suspension 
(batch) culture using the packed cell volume (PCV) method. The growth rate of 
suspension cultures were found faster than calli ones.  
 
  
Fig. 1. Successful germination of Fenugreek seeds in vitro 




Fig. 2. Proliferation of Anise and Mint. 
  
Fig. 3. Soot formation of Sage 
 
 
Fig. 4. Roots formations were inhibited by adding PGRs. The best rooting was found in MS-
media with absence of any PGRs. From left to right, MS-media with Auxin, without hormones, 




Fig. 5. Callus induction for the Sage, Akkoub, Anise, Fenugreek and Thyme respectively. 
 
Discussion and conclusions 
 
The Mediterranean Basin has a long history of land conservation. As 
early as 2,000 years ago, the Romans and Greeks set aside areas for the 
protection of natural resources. Palestine is part of the Mediterranean 
biodiversity hotspot including more than 51,000 living species in (ARIJ, 2007), 
comprises about 3% of the global biodiversity, where plant diversity is 
composed of an estimated 2,750 species of plants in 138 families (Danin, 
2004).  
The over-exploitation of plants is eroding genetic resources in Palestine 
(Vié et al., 2008). In Addition to that, pathogens and pests, as well as 
unplanned expansion or industries, were leading for disappearance of the most 
species and/or varieties as a result of that (Alkowni and Srouji, 2009). Since 
terrestrial and aquatic biological resources are seriously threatened (primarily) 
by human activity and the growing threat of climate change, seek for 
conserving Palestinian diversity become crucial. Flora Palestina are one of the 
potentially important economically, medicinally, culturally, and overall 
members of global biodiversity. Olives, Sage, Thyme, Akkoub, etc, are 
considered as national cultural heritages beside their vital role in economy and 
medicinal usage (Azaizeh et al., 2006). Meanwhile, these Palestinian species 
(so far called “Baladi”) are red listed to be threatened due to building 
expansion, imported or introduced varieties and cultivars, climate change and 
over usage (ARIJ, 2007).  
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While biotechnological applications can be performed for human 
benefits, it is worth to be used for conserving plant diversities. In vitro tissue 
culture is proved as viable technique to be used as a tool for ex-sito 
conservation of plant diversity and mass production by micropropagation 
(Chaturvedi et al., 2004; Droste et al., 2005; Al-Gabbiesh et al., 2006; 
Hoffmann et al., 2008; Kereša et al., 2009; Paunescu, 2009; Cristea et al., 
2010; Sharma et al., 2010).  
This study was aimed to apply in vitro culture as one of biotechnological 
tool for rescuing Palestinian plants, in particular medicinal one’s, an approach 
had been proposed by several researcher abroad as an effective tools for 
conserving biodiversity (Tripathi and Tripathi, 2003; Paunescu, 2009; Sharma 
et al., 2010; Trivedi, 2010) and used for mass propagation of various medicinal 
plants.  
Several plants were tried to be as part of trials for implementation of in 
vitro culturing and micropropagation. We reported here only 5 different 
medicinal plant species: anise (Pimipnella anisum), sage (Salvia palaestina), 
wild peppermint (Mentha spicita L.), fenugreek (Trigonella sps) and akkoub 
(Gandelia tournefortii) that wew tested for their phytohormonal responses to 
regeneration. These plants should be considered as initial start for what we 
proposing as “National program for ex-sito conservation of Flora Palestina 
(Germplasm collection)”. Using tissue culture techniques with different 
hormonal balances and combinations were proved as vital parameter for culture 
initiation. As some of the plants used in this study were experimentally tested 
for the first time with different hormonal combinations and /or the technique 
were optimized. For example, Anise (P. anisum) seeds, that extensively studied 
and used as a model for other medicinal herbs, were germinated under aseptic 
technique conditions to give 80% germination rate on MS medium without 
addition of phytohormones (Fig. 1), while the mature seedlings (after 2-3 weeks 
old) were then used to establish a callus culture, which erupted from seedlings 
directly. Callus induction was achieved by MS medium combined with 0.2 mg 
L-1 kinetin and 1 mg L-1 2,4-D. Organogenesis (shoot) were obtained directly 
from induced callus cultured in MS media without PGRs at the beginning, 
followed by sub-culturing media with combination of 5 mg L-1 BAP and 1 mg 
L-1 NAA (Fig. 3).  
The use of in vitro methods considered as a rapid propagating tool, 
capable of producing a large number of plant in a relative short time (Herris and 
Stevenson, 1982; Monnette, 1985). First attempts to harness in vitro methods 
for this purpose were initiated in the 1960s by Glaze (Glazy, 1972). The 
advances of tissue culture technology enable now production of virus-free 
material via meristem tip (Barlass et al., 1982; Roca et al., 1989; Barba et al., 
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1990; Nehra and Kartha, 1994), fragmented apexes (Barlass and Skene, 1980), 
and in vitro somatic embryogenesis (Goussard and Wiid, 1990). In these cases, 
in vitro methods are combined with chemotherapy or thermotherapy (Barba et 
al., 1990) by which plants acquired can be rapidly propagated using in vitro 
culture.  
Germplasm conservation is essential for maintaining genetic diversity and 
gene pools for crop improvement. Field maintenance of woody plants, which 
cannot be stored as seeds, is expensive, demands huge areas and labor and 
encounters many pest problems. Using conservation in tissue culture applying 
various slow growth techniques, cryopservation are of great benefit to these 
crops (Kartha et al., 1989). Genetic manipulations and transformation open a 
new field in plant breeding. Conventional breeding uses in vitro techniques 
such as embryo cultivation and regeneration, protoplast fusion anther culturing. 
The ability to introduce foreign genes into plant cells using efficient vectors and 
regenerating viable plants, opens new opportunities for breeding improved 
plants, modifications etc.  (Gasser and Fraley, 1989). These methods are now 
experimented aiming to produce virus resistant plants by introducing of 
different virus genes. 
Recently, the significant advancement of biotechnology is available to 
conserve the threatened plant germplasm. The new developed techniques offer 
new options and facilitate conservation in the form of seeds, pollen, embryos, 
and in vitro cultures. (Paunescu, 2009). Establishing in vitro plant stocks have 
an immediate benefit by reduction the collection pressure on the wild 
populations. These collections allow for continuous supply of valuable material 
for wild population recovery, molecular investigations, ecological studies, or 
economic uses. Various aspects of plant science, both basic and applied, have 
benefited from the application of tissue culture technology such as: breeding 
programs for plant improvement, disease elimination, clonal propagation 
(micro-propagation), cells behavior studies and germplasm storage. 
Micropropagated plants will be sources for genotyping studies and molecularly 
identification of each plant. 
Moreover, the ability to had suspension culture for each medicinal plant 
will be potentially sources for further biochemical studies. In this tale, the value 
of applying in vitro cultivation of medicinal plants will extend beyond the 
rescue of threatened species, within a conservation program to the ease of 
production and use of secondary compounds which can be served as 
pharmaceuticals, food additives, bio-pesticides or even as perfumes.  
The steady increase in Palestinian population similar to that of other 
developing countries population; accompanying with an increase of their 
activities, had affected the natural habitat for a great number of herbs and trees. 
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Beside that some of Palestinian wild plants are facing extinction due to 
overexploitations. To conserve that genetic treasure of the country, a rapid 
biotechnological tool such as micropropagation will be inevitable. Nowadays, 
in vitro culture has emerged as a promising technique to obtain genetically pure 
elite populations under in vitro conditions rather than have indifferent 
populations. The success of establishing a protocol for culturing 5 Palestinian 
medicinal plants in vitro had been proved in this research and recommended to 
be extended for other plants.  
This study proved and recommended for the first time the use of in vitro 
culture to conserve flora of Palestine. We had succeeded to conserve some of 
endangered and/or threatened plants in vitro, and we recommended this 
approach to be extended to other Palestinian flora. Finally, we propose to 
establish a germplasm collection for flora Palestinae where in vitro culture will 




This research work was partially funded by Arab American University and Al-Quds 
University. The authors are thankful to Layth Sbeihat, Shatela Jaradat, Kholod Abu Al-rub and 




Abou Auda, M.M. (2010). Contribution to the plant ecology and most palatable species for 
grazing in Gaza Strip Mediterranean Coast, Palestine. Asian Journal of Plant Sciences 
9(2):88-93. 
Al-Gabbiesh A. Hassawi D. and Afifi F.U. (2006). In vitro propagation of Endangered Iris 
Species. Journal of Biological Sciences 6(6):1035-1040. 
Alkowni R. and Srouji F. (ed) (2009). Food Security and Viral Diseases (in Fruit Trees). 
Palestine Economic Policy Research Institute (MAS). Ramallah-Palestine. 
ARIJ (2007). The Status of the Environment in the West Bank. Bethlehem, Palestine. 
Azaizeh H., Saad B., Khalil Kh. and Said. O. (2006). The State of the Art of Traditional Arab 
Herbal Medicine in the Eastern Region of the Mediterranean: A Review. eCAM 
2006;3(2)229–235, doi:10.1093/ecam/nel034 
Barbra, M., Cupidi, A., and Martino, L. (1990). Comparison of different methods to obtain 
grape propagation material. Proceeding 10th meeting ICVG. Volos, Greece. 339-406. 
Barlass, M., Skene, K.G.M. (1980). Factors effecting growth and differentiation in vitro. 
Journal of Experimental Botany 31: 489-495.   
Barlass, M., Skene, K.G.M., Woodham, R.C., and Karke, L.R. (1982). Regeneration of virus-
free grapevines using in vitro apical culture. Appl. Bio. 101:291-295. 
Brink, J. A., Woodward B. R. and DaSilva E. J. (1998). Plant biotechnology: a tool for 
development in Africa. EJB Electronic Journal of Biotechnology 1:3.  
Campbell, N.A. and Reece, J. B. (2008) Biology 8th  edition, Pearson Benjamin.  
 1298
Chaturvedi H.C., Sharma M., Sharma A.K., Jain M., Agha B.Q. and Gupta P. (2004). In vitro 
germplasm preservation through regenerative excised root culture for conservation of 
phytodiversity. Indian Journal of Biotechnology. 3:305-315. 
Chawla H.S (2002) 2nd (Ed). Introduction to Plant biotechnology. Science Publishers, Inc. 
USA. 
Cristea V., Brummer A.T., Jarda L., Miclăuş M. (2010). In vitro culture initiation and 
phytohormonal influence on Dianthus henteri – a Romanian endemic species. Romanian 
Biotechnological Letters. 15:1. 
Danin, A. (2004). Distribution Atlas of Plants in the Flora Palaestina Area. The Israel 
Academy of Sciences and Humanities. 
Droste A., da Silva A. M., Matos A.V., and de Almeida J. W. (2005). In Vitro Culture of 
Vriesea gigantea and Vriesea philippocoburgii: Two Vulnerable Bromeliads Native to 
Southern Brazil. Brazilian Archives of Biology and Technology. 48(5):717-722. 
Falco, M.C.; Mendes, B.M.J; Tulmann Neto, A. (1996). Cell Suspension Culture Of Sugarcane: 
Growth, Management And Plant Regeneration. R. Bras. Fisiol. Veg. 8(1):1-6. 
Gasser, C.S., and Fraley, R.T. (1989). Genetically engineering plants for crop improvement. 
Science. 24: 1293-1299. 
Glazy, R. (1972). La culture in vitro des apex de Vitis rupestris. Comptes rendus 
hebdomadaires des seances de l”Academie des Sciences, Paris 274: 210-213 (in French). 
Goussard, P.G. and Wiid, J. (1990). The use of in vitro somatic embryogenesis to eliminate 
phloem limited virus and nepoviruses from grapevines. Proceeding 11th meeting ICVG, 
Montreux, Switzerland. 165-166. 
Halberstein, RA. (2005). Medicinal plants: historical and cross-cultural usage patterns. Ann 
Epidemiol. 15:686–99. 
Herris, R.E. and Stevenson, J.H. (1982). In vitro propagation in Vitis. Vitis 21:22-32. 
Kartha, K.K. (1989). Tissue culture techniques for virus elimination and germplasm 
preservation. In plant Breeding Reviews, 2:265-289.  
Kereša S., Mihovilović A., Ćurković-Perica M., Mitić B.,  Barić M., Vršek I., and Marchetti S. 
(2009). In Vitro Regeneration Of The Croatian Endemic Species Iris Adriatica Trinajstić 
Ex Mitić. Acta Biologica Cracoviensia Series Botanica 51(2): 7–12. 
Lombardi S. P., Passos I. R. S., Nogueira M. C. S., and Appezzato-da-Glória B.(2007). In vitro 
Shoot Regeneration from Roots and Leaf Discs of Passiflora cincinnata Mast. Brazilian 
Archives of Biology and Technology. 50(2): pp.239-247. 
Médail, F. & Quézel, P. (1997). Hot-spots analysis for conservation of plant biodiversity in the 
Mediterranean basin. Annals of the Missouri Botanical Garden 84:112-127. 
Monnete, P.L. (1985). Use of grapevine shoot tip culture fordetection of fanleaf virus by 
enzyme-linked immunosorbent assay. Can. J. Plant Sci. 21: 977-980. 
Myers, N. & Cowling, R. (1999). Mediterranean Basin. In R.A. Mittermeier, N. Myers & C. 
Goettsch Mittermeier. (Eds.), Hotspots – Earth’s Biologically Richest and Most 
Endangered Terrestrial Ecoregions. pp. 254-267. Mexico City: CEMEX & Conservation 
International. 
Nehra, S.N. and Kartha, K.K. (1994). Meristem and shoot tip culture: Requirements and 
applications. In. plant Cell and Tissue Culture. (I.K. Vasil and T.A. Thorpe Eds.). pp.37-
70. 
Pal S. P., Alam I., Anisuzzaman M., Sarker K. K., Sharmin S.A., Alam M. F. (2007). Indirect 
Organogenesis in Summer Squash (Cucurbita pepo L.). Turk J Agric. 31: 63-70  
Paunescu A., 2009; Biotechnology for Endangered Plant Conservation: A Critical Overview. 
Rom. Biotechnol. Lett. 14(1): 4095-4103. 
Journal of Agricultural Technology 2012, Vol. 8(4): 1285-1299 
1299 
 
Pierik. R.L.M. (1989). In Vitro Culture of higher Plants. Martinus Nijhoff Publishers, 
Dordrecht. 
Roca, M.W., Chavez, R., Martin, M.L. Arias, D.L., Mafla, G., and Reyes, R. (1989). In vitro 
methods of germplasm conservation . In genome. 31:813-817.  
Salem K. & Charlwood B. (1995). Accumulation of essential oils by Agrobacterium 
transformed shoot cultures of P. anisum. Plant Cell, Tissue & Organ Culture. 40:209-
215. 
Sawalha, Kh. (2005) Ed. Plant Biodiversity. ISBN. 9950-338-00-X. Al-Quds University.  
Sharma S., Rathi N., Kamal B., Pundir D., Kaur B. and Arya S. (2010). Conservation of 
biodiversity of highly important medicinal plants of India through tissue culture 
technology- a review. Agric. Biol. J. N. Am. 1(5): 827-833 
Sultan, S. (2001). Status of biodiversity in Palestine. Ministry of Environmental Affairs, 
Hebron, Palestine. 
Tripathi L. and Tripathi J.N. (2003). Role of biotechnology in medicinal plants. Tropical 
Journal of Pharmaceutical Research. 2 (2): 243-253 
Trivedi. P. C. (ed) (2010). Role of Biotechnology in Medicinal Plants. 1st ed. Jaipur, Aavishkar 
Publishers. p238 
Vié, J.-C., Hilton-Taylor, C. and Stuart, S.N. (eds.) (2009). Wildlife in a Changing World – An 
Analysis of the 2008 IUCN Red List of Threatened Species. Gland, Switzerland: IUCN. 
180 pp. 
Yadav K., Singh N. and Verma S. (2012). Plant tissue culture: a biotechnological tool for 
solving the problem of propagation of multipurpose endangered medicinal plants in 
India. Journal of Agricultural Technology. 8(1): 305-318. 
 
(Published in July 2012) 
